© 2 0 1 9 I n d I a n J o u r n a l o f P a t h o l o g y a n d M I c r o b I o l o g y | P u b l I s h e d b y W o l t e r s K l u W e r -M e d K n o W
INTRODUCTION
Male breast cancer (MBC) is a hormone-driven disease, which accounts for 0.5--1% of all breast cancers. Although uncommon, it is often detected in advanced stages with lymph node metastasis and is a significant cause of morbidity and mortality in men. [1] [2] [3] [4] [5] Although there are many similarities including the prognostic features between MBC and female breast cancer (FBC), they are in fact biologically quite different. Currently, treatment regimens for MBC have been extrapolated from the extensive literature and clinical experience pertaining to those of FBC. [6, 7] In our study, we analyzed the immunophenotype of MBC, and its correlation with clinicopathological characteristics and prognosis as an effort towards better understanding of the pathobiology of MBC.
MATERIALS AND METHODS

Sample
During 2011-2016 (5.5 years), 42 cases o f M B C w e r e d i a g n o s e d i n t h e histopathology department. We studied the immunophenotype of MBC, categorized them into molecular subtypes based on the immunohistochemistry (IHC) profile and analyzed their association with demographic profile, clinicopathological features, and prognosis with the median follow-up of 28.6 months.
The surgical samples comprised of core needle biopsy, lumpectomy, and mastectomy specimens, which were obtained in-house with cold ischemia time of less than 30 min. Specimens were fixed in 10% neutral buffered formalin, in a volume equivalent to 10 times that of the tissue. Fixation time varied between 6 and 72 h. Samples were processed in isopropyl alcohol and xylene, embedded in paraffin and subsequently cut to 4-micron thickness sections. The slides were stained with hematoxylin and eosin for histopathological diagnosis. IHC staining was performed on Ventana Benchmark XT autostainer (Roche, U.S.A.) as per manufacturer's recommended protocol for estrogen receptor (ER), progesterone receptor (PR), HER2, androgen receptor (AR), GCDFP-15, Cyclin-D1, Bcl2, p53, and Ki-67. Equivocal HER2 cases were subjected to FISH testing using Zytolight spec HER 2/CEN 17 dual color probe (Zytovision GmbH, Germany) as per manufacturer's instructions. ER, PR, and HER2 scoring (IHC/FISH) was done as per 2013 ASCO/CAP. Details of antibodies, clone, manufacturer, dilutions used and significant cut-off expression criteria for IHC profile are tabulated in Table 1 .
Statistics
Categorical variables were presented in number and percentage (%). Qualitative variables were correlated using Chi-Square test. A "P" value of <0.05 was considered statistically significant. The data was entered in MS EXCEL spreadsheet and analysis was done using Statistical Package for Social Sciences (SPSS) version 21.0.
RESULTS
A total of 42 cases was included in our study. The demographic and clinicopathological features have been tabulated in Tables 2 and 3 . Age range of patients varied from 41--87 years (mean age: 63 years; median age: 61 years). The most common histopathological diagnosis was invasive ductal carcinoma (IDC), seen in 40 cases (95.2%), All the cases were positive for hormonal markers, ER in 97.6%, PR in 83.3%, and AR in 76.2% [ Figure 1a -c]. Only one case was ER negative but showed PR expression. HER2 was positive in only two cases (4.8%), which were confirmed by reflex-FISH testing [ Figure 2a and b], and show concomitant ER/PR positivity and none of the case was of HER2 rich/driven category. AR was positive in 75% of IDC, and in each of the cases of ILC and IPC (P = 0.720).
Most of the cases showed positivity for Cyclin-D1 [ Figure 3c ] and Bcl2, with values of 92.9% and 66.7%, respectively. IHC for GCDFP-15 and p53 [ Figure 3a and b] showed positive expression in 23.8% and 16.7% of the cases, respectively. Ki-67 index was low (<14%) in 66.7% cases [ Figure 3d ].
Molecular subtyping based on the IHC profile of cases is tabulated in Table 4 . Luminal A and B comprised of 64.3% and 35.7% of the cases, with no triple negative breast cancer (TNBC) and HER2 rich/driven case.
Among the IHC markers applied, negative p53 expression correlated significantly with the molecular subtype luminal A (P = 0.002). p53 positivity showed statistically significant correlation with nodal metastasis (P = 0.042), whereas all cases with absence of nodal metastasis were p53 negative.
GCDFP-15 positivity correlated with lower (grade I/II) tumor grade (P = 0.042) and advanced disease stage (P = 0.047). Absent and limited (N0 and N1) nodal metastasis correlated with positive Bcl2 (P = 0.022).
AR showed no correlation with lymph node metastasis, stage, or response to therapy. No correlation of tumor size (T stage) with any IHC marker was observed. All cases (n = 5) with systemic metastatic disease were negative for cyclin D1, which was not significant (P = 0.509). Post treatment follow-up of the cases was available in 27 cases, of which 77.7% had no evidence of disease (NED), whereas 22.3% cases had recurrence/persistent or progressive disease. All the early stage cases, only 40% of the advanced stage cases, showed no evidence of disease on follow-up. Recurrence was seen in three cases, and included metastatic deposits to bone, lung, and lymph nodes. Hence, staging was the strongest prognostic factor (P < 0.0001).
DISCUSSION
MBC accounts for around 0.5--1% of all diagnosed breast cancers. The incidence of MBC is low compared with FBC, but recently has shown a gradual rise. The protocols of management are largely emulated from the experiences of the treatment of FBC. The incidence of MBC rises steadily with age, but does not show the bimodal pattern as seen in FBC. [1, 2, 4] The median age reported is 63--67 years in various studies, ranging from 30--97 years, which is typically 10 years older than that seen for FBC. [1, [6] [7] [8] A similar median age of 63 years was seen in our study.
Medical conditions that lead to a high estrogen/androgen ratio like in Klinefelter's syndrome, testicular disorders, obesity, liver disease, exogenous ER or testosterone use, orchitis/epididymitis, and finasteride are the risk factors. Genetic contributors to risk in men are similar, but not identical, to those in women. Family history is relevant for both sexes, and BRCA2 mutations and rearrangements play a particularly prominent role in MBC. Men (5-10%) with BRCA2 mutations (and a smaller proportion of those with BRCA1 mutations) eventually develop breast cancer. [2, 4] Morphologically, MBC are similar to those of FBC, with majority being IDC. Various studies of MBC across the literature have reported IDC in about 90% of the cases and in the presented study, IDC was 95.2% of the total cases. Papillary carcinomas are comparatively more common in males, and lobular carcinomas are rarer in men because of lack of terminal lobules. [2, 3, 5, 6, 8] As in females, tumor grade is a powerful prognostic factor. Grade II tumors are more commonly seen in MBC, quoted as 40%--59.3%. [1, 6, 7] Some studies had higher number of grade III tumors (73%). [2] Surveillance, epidemiology, and end results (SEER) database (between 1973 and 2000) reported 39% of grade III tumors, comparable with the proportion in postmenopausal women, but less than that in premenopausal women. [1, 2, 6, 7] Our study had slightly more number of grade II tumors (50%), compared with grade III (47.6%).
In few studies, [2, 3] median survival has shown to be significantly adverse in higher grade tumors (grade III); however, in our study no such significant correlation was seen between tumor grade and outcome (P = 0.535).
Compared with female tumors, MBCs are more likely to show lymph-vascular invasion and nodal metastasis, which is tightly linked to breast cancer outcomes. Nodal positivity is seen in approximately half of the cases and a higher incidence of 58.3% was seen in our data. [1, 2, 6, 7] As compared with FBC, many studies of MBC have shown a higher rate of ER and PR positivity, whereas considerably less HER2 over expression/amplification and TNBC. [3, 7, [9] [10] [11] [12] In the National Cancer Institute's SEER database between 1973 and 2005, 92% of the MBCs, but only 78% of FBC, were ER-positive. [2] In the presented study, ER and PR were positive in 97.6% and 83.3% of the cases, whereas HER2-positive cases were only 4.8% with no HER2 rich/driven or TNBC case. This result is similar to the study published by Korneegoor et al., [3] who has evaluated 134 cases of MBC and found positive ER, PR, and HER2 in 94%, 68%, and 3%, respectively, with no HER2 rich/driven case and 4% TNBC.
Lacle et al., [6] evaluated immunophenotype in 151 cases of MBC and found positive immunoexpression for ER, PR and HER2 in 90%, 66% and 3.3% of cases, respectively, similar to the results in our study.
Few immunophenotyping studies on MBC have demonstrated HER2+ cases in about 15% and even more. [7, 8, 13] The variation in percentage of positive HER2 cases may be attributed to differences in antibody clone, preparation, scoring systems, and cut-off values. [8] One study of MBC, Gogia et al., [14] has shown unusual high incidence of TNBC and HER2 positivity of 19% and 28%, respectively, whereas the ER positivity was 78%.
Overexpression of HER2 is a well-known prognostic factor associated with poor survival in FBC; however, data regarding the association of HER2 positivity and survival are limited and contentious in MBC as per the prevailing literature. MBCs have failed to show association between HER2 overexpression and nodal metastasis, a potential unfavorable prognostic factor, [5, 8] In the presented study, both the HER2+ cases were of higher stage (III/IV) on presentation, however, lost to follow-up.
Although the molecular subtypes of breast cancer were originally identified by gene expression analysis using DNA microarrays, IHC markers have been used as surrogates for DNA microarray in subtyping breast cancer, recognized by NCCN guidelines and St. Gallen consensus. [8, 12] Studies have documented that vast majority of the cases are luminal A, followed by B, whereas negligible/absent HER2 driven/rich or TNBC/basal-like category. [3, 8, 15, 16] Results in the presented study are also similar. FBCs have lower frequency of luminal A (51--69%), but higher frequency of TNBC/basal like (12--21%) and HER2 rich/driven (7--12%) subtypes. It is unknown whether the paucity or absence of the above unfavorable breast carcinoma subtypes in males is associated with a favorable prognosis. [8] Luminal B category cases are more frequently associated with higher nuclear grade and increased nodal metastasis, an unfavorable factor in both MBC and FBC. [3, 8] Our study has also shown this trend, but it was not statistically significant.
Nodal metastasis was seen in 47.8% and 76.9% of luminal A and B category, respectively, however not statistically significant (P = 0.089) in the presented study. Ge et al. [8] also reported more nodal metastasis in luminal B (71%) compared with luminal A (41%), however not statistically significant.
In presented study, negative GCDFP-15 correlated with higher tumor grade (P = 0.042) and early disease stage (P = 0.047). Korneegoor et al. [3] found GCDFP-15 + tumors significantly associated with lower mitotic activity (P = 0.038) and axillary lymph nodal metastasis (P = 0.001).
In one study, overexpression of cyclin D1 correlated with better outcomes. [17] In our study, all cases with systemic metastatic disease were negative for cyclin D1, however not statistically significant (P = 0.509). Korneegoor et al. [3] found cyclin D1+ tumors to be associated with smaller tumor size (P = 0.008), but no such correlation was found in our study.
Bcl2 is well known as an antiapoptotic oncogene in lymphoma; however, the paradoxical function of the tumor suppressor gene has been reported in breast cancer. In our study, positive Bcl2 expression was associated with absent and lesser lymph nodal metastasis (N0 and N1) and was statistically significant (P = 0.022). Korneegoor et al. [3] found Bcl2+ tumors were associated with smaller tumor size (P = 0.017), but no such correlation was found in our study.
In our study, p53 positivity showed statistically significant correlation with nodal metastasis (P = 0.042). Study by Korneegoor et al. [3] also revealed p53 positivity to be significantly associated with nodal metastasis (P = 0.010).
In our study and study by Korneegoor et al., [3] AR expression did not show any significant correlation with clinicopathological features. One study showed AR-positive luminal A MBC had improved OS compared with matched FBC cases. [18] In a large study by Humphries et al., [1] AR expression has been significantly associated with DFS but not OS, and this association remained upon multivariate analysis. AR is gradually being recognized as a potential target for therapy in both genders, with potential use of antiandrogen therapy to treat MBC. [1] Studies have found 34--95% AR positivity in MBC. [19] [20] [21] [22] There is conflicting data on association between AR expression and disease stage and/or survival outcomes and this could be attributed to lack of standardized protocol for analyzing the AR expression, as a confounding factor. [2, 4, 18, 19, 22, 23] To summarize and conclude, the current study attempts to elucidate the clinical relevance of several biomarkers and characterize subtypes of MBC based on IHC profile. We found that the immunophenotype of MBC differ from those in FBC by having luminal A and B as extensive (>95%) subtypes. Although the study has shown some correlation between the immunosubtypes and clinical behavior of MBC; however, due to rarity of the disease and small number of cases in the study, the role of these biomarkers are yet to be defined with further larger studies required to attain more statistical power.
